A method using monoclonal antibodies in conjunction with an immunogold procedure was adapted for labelling T lymphocytes in blood samples obtained from male Wistar rats. The monoclonal antibodies W3/25, MRC/OX8 and W3/13 were used. Changes in the percentages of positively labelled cells were observed in rats dosed with the immunosuppressant cyclosporin.
As there are increasing requirements for the assessment of immunotoxicity, the need to develop methods for the evaluation of immune function in the rat is important since this species is commonly used for toxicological studies (Dean & Vos, 1986; Greaves, 1986) . Methods incorporating the use of monoclonal antibodies to recognize lymphocyte cell surface antigens in conjunction with an immunogold labelling procedure have been recently described (De Waele et al. 1983; Rosenberg et al., 1984) . In these procedures, leucocyte cell suspensions are first incubated with monoclonal mouse antibodies and then incubated with colloidal gold particles conjugated with goat anti-mouse immunoglobulin antibodies. The labelled cells are then fixed and counter stained prior to microscopic examination. Cells which are positively labelled are observed to have dark granules of gold particles on the surfaces of the cells.
Studies were undertaken to adapt a commercially available immunogold reagent for use Received 13 March 1987 . Accepted 9 March 1988 with rats, and to test the method with a known immunosuppressant. Three mouse monoclonals W3125, MRC/OX8 and W3/13 known to be reactive with common determinants of rat antigens were chosen (Mason et al., 1980) . Cyclosporin was chosen as the immunosuppressive agent (Cohen et al., 1984; Shevach, 1985; Gratwohl et al., 1986) .
Materials and methods

Animals
Outbred male Wistar rats (Charles River (UK), Margate, Kent, UK) were used. The rats aged 6-12 weeks were kept at a room temperature of 22 ± 2°C with alternating 12 h periods of dark and light. The animals were fed Porton Combined Diet (Special Diet Services Ltd, Witham, UK) and allowed water ad libitum.
Blood samples and preparation of buffy coat cell suspensions
Blood was collected by cardiac puncture at necropsy following the use of carbon dioxide. The blood was added to. tubes containing dipotassium ethylenediamine tetra acetic acid, and centrifuged at 480 g for 15 min. The separation of plasma was followed by the removal of buffy coat cells together with small volumes of plasma and erythrocytes to a Wintrobe tube for further centrifugation at 900g for 10 min. The buffy coat layer was then removed together with equal volumes of plasma and erythrocytes, and this mixed suspension was then incubated with the monoclonal antibodies.
Monoclonal antibodies
Mouse antibodies W3125 (helper T cells), MRC/ OX-8 (cytotoxic/suppressor T cells) and W3/13 (T cells) were obtained from Serotec Ltd, (Kidlington, Oxon, UK). The antibodies were diluted 1/10 in phosphate buffered saline containing 0'050/0 bovine serum albumin. The diluted monoclonal antibodies (10 Jot!) were added to tubes containing the buffy coat cell suspensions (20 Jot!) , and incubated at 4 DC for IS min.
Immunogold labelling and counterstain
Immunogold reagent and wash buffers were obtained from Geometric Data (Wayne, Philadelphia, USA). After incubation of the buffy coat suspension with monoclonal antibodies, the cells were washed twice with buffer. The immunogold reagent was added, and the mixture incubated at 20 ± 3 DC for 15 min before a further washing procedure. Wedge smears of the washed cell suspension were prepared and allowed to dry at 20 ± 3 DC before methanol fixation and counter staining with a modified 7% v/v Giemsa solution (R A Lamb, London) and then Giemsa solution diluted 1 in 5 with immunostain phosphate buffer. The slides were dried before microscopic examination with x 50 oil objective lens. Negative controls were also established by adding immunogold reagent to the buffy coat cell suspensions in the absence of the monoclonal antibodies. The number of positively labelled cells was calculated as a percentage of a total of 100 lymphocytes for each film. The percentage values for positively labelled cells for each film were determined by two observers, and the means of these two values were calculated.
The details of the treatment groups are shown in Tables 1 and 2. For the first study, cyclosporin was kindly provided by Sandoz Ltd, Basel. The rats were dosed orally with cyclosporin in ethanol/olive oil; the control group received equivalent amounts of the ethanol/olive oil vehicle. In the second study, an alternative preparation of cyclosporin in polyoxyethylated caster oil was used (Sandimmun containing 100 mg/ml, obtained from Sandoz Ltd, Basel), and the control rats received olive oil vehicle only.
Results
Positively labelled cells were recognized by dark blue-black gold particles on the lymphocytic cell surfaces (Fig. 1) . The values for negative controls (n = 24) varied from 1 to 12% labelled cells with a mean value of 5·2%.
In the first study (Table I) , the values for the two 80 mg cyclosporin/kg treatment groups were much lower for W3/13 and W3/25 compared with controls; lower values for MRC/OX8 were also observed after 14 days at 80 mg/kg. The percentage values for all three antigens were also lower than the controls for rats treated with 40 mg cyclosporin/kg for 14 days. In the second study, rats treated with Sandimmun showed much lower levels of W3/13 and W3/25 cell types (Table 2) . For MRC/OX8 labelled cells, the lower values observed at 7 days in both studies were similar at 40 or 50 mg cyclosporin/kg, but no difference was observed at 15 days for rats treated with Sandimmun compared with controls.
Discussion
Using high dose levels of the immunosuppressant cyclosporin, some marked reductions of T cells types identified by monoclonal antibodies W3/13, W3125 and MRC/OX8 were observed using an immunogold labelling procedure. The immunogold labelling technique offers a useful alternative to immunofluorescent or conjugated immune-enzyme methods for the detection of lymphocyte surface antigens. It also provides a permanent stained blood film which is easily stored for future reference maintaining the integrity of allieucocytes present and allowing easy differentiation of cells by light microscopy. Although the reagents are relatively expensive compared to simpler 'rosette' methods (Koestner et al., 1982) , the counting of cells labelled with immunogold can be improved by automation and provide an alternative to flow cytometry (Rosenberg et al., 1984) .
